We describe the first case report of pathology-proven brain infection by Mycobacterium chimaera (MC). A 35-year-old male, previously operated in 2010 of aortic valve and ascending aortic replacement, was addressed to our hospital for the acute onset of aphasia preceded by absence. Computed tomography (CT) and magnetic resonance imaging (MRI) revealed multiple left frontal and temporal cortical-subcortical lesions. During hospitalization the patient never presented fever and cerebrospinal fluid (CSF), PCR, FilmArray and blood tests were within normal ranges. Transesophageal echocardiography showed no cardiac abnormalities. A thorax-abdomen CT scan was performed, revealing no extracranial abnormalities, and a whole body PET-CT scan showed a high uptake of brain lesions. Considering clinical results and the suspect of a tumoural lesion, the patient underwent surgery, where a left frontal enhanced nodular lesion was removed. Pathology finally revealed it was an abscess caused by Mycobacterium chimaera. This case confirms that Mycobacterium chimaera infection spread can be very subtle and diagnosis a real challenge, particularly years after surgery. We would like to underline the importance of suspecting an atypical infection source related to a history of cardiothoracic surgery, given a non-specific MR pattern and subtle clinical and laboratory findings.
Introduction
Mycobacterium chimaera is a nontuberculous mycobacterium, causing invasive infections following cardiothoracic surgery [1] . In particular, it was found that heater-cooler units (HCU) of extracorporeal circulation are responsible of infection's spread [2] . Probably HCU contamination happens dur-ing its production process; at that point, M. chimaera-containing bioaerosols, which are released in the operating room by the contaminated water tank (and HCU system), contaminate implantation devices [3] .
These infections are very subtle and have a high mortality rate despite therapy [4] . We report a case of proven exclusive brain infection from Mycobacterium chimaera, the first described to our knowledge.
Case Description
A 35-year-old immunocompetent male, who in 2010 underwent aortic valve and ascending aortic replacement surgery, was addressed to our hospital in January 2018 for the acute onset of aphasia preceded by absence. An unenhanced CT scan revealed multiple left frontal and temporal corticalsubcortical hypoattenuated areas, suspicious of subacute ischaemic lesions of middle cerebral artery territory. MR investigation performed immediately after, using a 1.5 Tesla scanner (Siemens, Erlangen, Germany), confirmed a high T2weighted (w) signal in the left fronto-temporal cortical-subcortical region, with high ADC values, and an additional similar but smaller abnormality in the left thalamus, with only a slight DWI hypersignal and no restriction. All lesions revealed some T2* magnetic susceptibility content. MR angiography showed normal flow signal within intracranial arteries. Gadolinium injection revealed some left fronto-temporal nodular-like lesions of contrast enhancement, surrounded by vasogenic oedema with nearby dural and leptomeningeal enhancement ( Fig. 1 ).
Based on MRI findings, clinical status and patient's history (episodes of subtle fever during the last year, previous heart surgery), infective brain localization was first suspected.
Nevertheless, during hospitalization the patient never presented fever, inflammatory markers were within normal range and blood culture was negative. Cerebrospinal fluid (CSF) analysis showed only very mild increase of proteins, cells and glucose, with negative PCR and FilmArray. A transesophageal echocardiography showed no cardiac abnormalities. Consequently, the alternative diagnosis of a brain tumoural lesion was taken into strong account. Therefore, thorax-abdomen CT scan was carried out, reporting no extracranial abnormalities. An additional whole body PET-CT scan showed only a high uptake of the brain lesions, but no other systemic localization.
During the time of clinical investigation (14 days), the patient's neurological condition was progressively deteriorating; therefore, a second MRI was performed; this time using a 3 Tesla scanner (Siemens, Erlangen, Germany), which revealed the extension of two lesions in the left frontal and temporal region. Further MR analysis of the lesions, using dynamic susceptibility contrast perfusion (DSC-PWI) and MR spectroscopy (single and multivoxel; TE 135 ms), demonstrated no significant perfusion abnormalities and an increase of choline/creatine (Cho/Cr) and choline/N-acetil-aspartate (Cho/NAA) ratios with a small abnormal peak in the lipid-lactate region (Fig. 2 ). Considering clinical progression and the consistent suspect of a tumoural lesion, the patient underwent surgery, where a left fronto-temporal enhanced nodularity was removed.
Histological analysis demonstrated a diffuse epithelioid granulomatous inflammatory tissue containing few giant cells, and no caseous necrosis or neutrophilic abscesses (Fig. 3) . Investigation was implemented with immunohistochemical staining, using rabbit polyclonal antibody (Cat.M7259; Abcam) against Mycobacterium bovis, known to cross react with both tuberculous and nontuberculous Mycobacteria of the avium complex, including M. chimaera (Fig. 4) .
Just few Mycobacteria were identified within the granulomas by the immunostainings on paraffin-embedded tissues, and subsequent microbiological investigations confirmed the presence of Mycobacterium chimaera on a fresh sample of the lesion. Single-voxel MR spectroscopy, using a TE of 135 ms (C), showed an increased ratio of Cho/Cr and Cho/NAA ad and an abnormal peak in the lipidlactate region of the spectra. PET-CT (D) secondarily fused with recent MR T2w images on the same planes revealed an unspecific high uptake of the target lesions and a large photopenic surrounding area; also, a reduced uptake in the left thalamus is present
Discussion
Mycobacterium chimaera has been classified within Mycobacterium avium complex (MAC) species [5] . In recent years, it has been highlighted for subtle infections following cardiac surgery, with an interval of up to some years from surgery to clinical onset [3] . Infections have been reported in different European countries (Table 1) [6] [7] [8] [9] [10] [11] [12] . Recently, seven cases of infections from M. chimaera after cardiac surgery have been reported in Italy, with an average latency between surgery and infection of 2 years [13] . This is the first reported case with exclusive intracranial infection from Mycobacterium chimaera.
MAC infections are typical in immunosuppressed patients and extremely rare in immunocompetent subjects [14] [15] [16] . Intracranial Mycobacterium infections manifest with granulomatous lesions and leptomeningeal involvement. Granulomatous lesions may have caseous or non-caseous content, determining different MR signal changes. Non-caseous granulomas may have a low signal on T1-weighted and a high signal on T2-weighted images, with a homogenous contrast enhancement. Low T1 and T2 signal are more typical of caseous lesions, depending on the presence of both gliosis and solid caseation, and diffusion restriction is influenced by caseous content within the lesion [14] [15] [16] [17] .
In our case, lesions presented with high T2 signal, showing a pseudo-nodular pattern visible only in contrast-enhanced T1w images. There was no substantial diffusion restriction. All lesions presented T2* magnetic susceptibility content. The presence of nearby leptomeningeal involvement could suggest an infectious disease. Similar MRI patterns can indicate alternative diagnosis (e.g. tumoural lesions, noninfective granulomatous disease) [17] . Therefore, clinical history and CSF/blood tests are very important to give consistency to the diagnostic suspect, as well as PET-CT scan, which may identify a second site of the infection (e.g. cardiac surgical site). Unfortunately patients with MC infections may show non-specific clinical signs and symptoms, and blood cultures may result negative [1] . So, in case of a previous cardiac surgery, atypical infections as MC must definitely be taken into account.
MC infection therapy is similar to that used for MAC infections and administered for at least 6 months [5] .
After surgical and prolonged medical therapy, our patient improved, with reduction of brain lesions, but is now still under follow-up.
Conclusion
We report the first case of pathology-proven and exclusive brain infection from Mycobacterium chimaera. It confirms that infection spread can be very subtle and diagnosis a real challenge, particularly years after surgery.
With this case, we would like to underline the importance of suspecting an atypical infection source related to a history of cardiothoracic surgery, given a non-specific MR pattern and subtle clinical and laboratory findings. [12] The United Kingdom 2018 30 Yes (4 post-mortem examinations) Acosta et al. [11] Spain 2018 1 No HPSC [9] Ireland 2016 4 Not specified ECDPC [7] France 2016 2 Not specified Cappabianca [13] Italy 2018 7 Yes (1) Fig. 4 Filamentous organisms are highlighted by a polyclonal antimycobacteria antibody
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